␣-Naphthylisothiocyanate (ANIT) induces intrahepatic cholestasis in rats, involving damage to biliary epithelial cells; our study aims to investigate whether disruption of biliary function in hepatocytes can contribute to early stages of ANIT-induced intrahepatic cholestasis. Isolated rat hepatocyte couplets were used to investigate biliary function in vitro by canalicular vacuolar accumulation (cVA) of a fluorescent bile acid analogue, cholyl-lysylfluorescein (CLF), within the canalicular vacuole between the two cells. After a 2-h exposure to ANIT, there was a concentrationdependent inhibition of cVA (cVA-IC 50; 25 M), but no cytotoxicity (LDH leakage or [ATP] decline) within this ANIT concentration range. There was no loss of cellular [GSH] at low ANIT concentrations, but, at 50 M ANIT, a small but significant loss of [GSH] had occurred. Diethylmaleate (DEM) partially depleted cellular [GSH], but addition of 10 M ANIT had no further effect on GSH depletion. Reduction in cVA was seen in DEM-treated cells; addition of ANIT to these cells reduced cVA further, but the magnitude of this further reduction was no greater than that caused by ANIT alone, indicating that glutathione depletion does not enhance the effect of ANIT. F-actin distribution (by phalloidin-FITC staining) showed an increased frequency of morphological change in the canalicular vacuoles but only a small, nonsignificant (0.05 < p < 0.1) increase in proportion of the F-actin in the region of the pericanalicular web. The results are in accord with a disruption of hepatocyte canalicular secretion within two h in vitro, at low, non-cytotoxic concentrations of ANIT, and the possible involvement of a thiocabamoyl-GSH conjugate of ANIT (GS-ANIT) in this effect.
␣-Naphthylisothiocyanate (ANIT) has been studied as a model of chemically induced intrahepatic cholestasis in the rat for over thirty years, and the pathophysiological changes associated with ANIT administration in vivo are now well-established (Desmet et al.,1968; Goldfarb et al., 1962; Plaa and Priestly, 1977; Steiner et al., 1963; Ungar et al., 1962) . However, the precise cholestatic mechanism of ANIT at a cellular level remains unclear. Various studies Jean et al.,1991; have implicated glutathione (GSH) in ANIT toxicity through the formation of an unstable thiocarbamoyl-GSH conjugate (GS-ANIT) within hepatocytes. postulated that GS-ANIT is secreted in vivo into bile, where it may dissociate into GSH and ANIT. Toxicity to biliary epithelial cells is then caused by the resultant concentration of ANIT in the bile. While this model goes some way toward explaining the pattern of events seen in vivo, an early direct effect of ANIT on parenchymal cells (hepatocytes), with regard to biliary function, may also be a possibility. Connolly et al. (1988) saw morphological changes in biliary epithelia preceding morphological changes of hepatocytes in rats treated with high doses of ANIT (300 mg/kg body weight, po), and, using light microscopy, recorded no visible changes in hepatocytes up to 6 h postadministration. At this timepoint, however, electron microscopy showed opening of tight junctions and dilation of endoplasmic reticulum in hepatocytes. Using half this dose, Kossor et al. (1993) concluded that the initial onset of ANIT-induced intrahepatic cholestasis (IHC) involved hepatocanalicular changes and not biliary epithelial damage, even though observations in this study were made at later stages (16 -168 h) . The first changes in hepatocanalicular function were seen as increased tight-junctional permeability; later stages involved a combination of biliary epithelial damage and bile duct obstruction, along with hepatocellular dysfunction. Despite these studies, the pathogenesis of ANIT-induced intrahepatic cholestasis, including the definition of the target cell type (biliary epithelia or hepatocytes), remains unresolved.
Interference with many processes involved in the formation and secretion of bile within the liver has the potential to result in intrahepatic cholestasis. Isolated rat hepatocyte couplets (IRHCs) represent a novel in-vitro system that enables the assessment of canalicular structure and function, avoiding various complications present in vivo. IRHCs comprise two hepatocytes joined at their junctional complexes, which retain their apical polarity after isolation by partial collagenase digestion from the intact liver. During a subsequent incubation period, the intercellular canaliculus becomes completely sealed, allowing the couplet to become a functional, secreting biliary unit (Gautam et al., 1987; Graf et al., 1984) . Canalicular vacuolar accumulation (cVA) by IRHCs of the fluorescent cholephile, cholyl-lysyl-fluorescein (CLF) has allowed us to quantify ANIT-induced disruption of canalicular function, in periportal-, perivenous-enriched and mixed populations of hepatocyte couplets.
We also investigated the relationship between this disruption and cellular function and viability (GSH and ATP levels, lactate dehydrogenase release).
MATERIALS AND METHODS

Materials.
Cholyl-lysyl-fluorescein, kindly provided by Dr. C. O. Mills (Birmingham, U.K.), was synthesized, and its purity was confirmed according to the methods of Mills et al. (1991) ; the synthetic procedures gave a high yield of CLF, which appeared as a single spot after high performance thin-layer chromatography. Collagenase type A from Clostridium histolyticum was purchased from Gibco (Paisley, U.K.). Leibovitz-15 (L-15), ␣-naphthylisothiocyanate (ANIT), diethyl maleate (DEM), o-phthaldialdehyde (OPT), ATP, NADH, glutathione (GSH), firefly lantern extract, and fluorescein isothiocyanate phalloidin (phalloidin-FITC) were purchased from Sigma-Aldrich Chemical Co. (Poole, Dorset, U.K.). Trypan blue was purchased from Kodak (Hemel Hemstead, Herts, U.K.). All other chemicals were of reagent grade.
Animals.
Male Wistar rats (220 -240 g), obtained from Biomedical Services Unit, University of Birmingham, were used throughout. Before the experiments, the animals were maintained on a standard laboratory diet (41B maintenance diet, Pilsbury, Birmingham, U.K.) and tap water, ad libitum. Rats were anesthetized using Ketalar (ketamine hydrochloride, 6 mg/100g body weight) with Domitor (medetomidine, 25 g/100 g body weight). Surgery was started between 8:00 and 9:00 A.M. to minimize circadian variations.
Isolation, enrichment and culture of hepatocyte couplets. Hepatocyte couplets were obtained from rat liver, according to the two-step collagenase perfusion procedure described by Wilton et al. (1993b) , adapted from Gautam et al. (1989) . Following a perfusion (20 ml/min) with a Ca 2ϩ -and Mg 2ϩ -free Hanks' balanced salt solution into the portal vein for 12.5 min, approximately 0.02% (depending on batch activity) of collagenase in Hanks' balanced salt solution was infused for 4.5 min. The liver was then removed, chopped, and agitated in ice-cold Krebs-Henseleit solution for 5 min. The final suspension was filtered through 150 m nylon gauze, and the remaining tissue was reincubated in the collagenase solution for approximately 7 min at 37°C to liberate a cell preparation with a high overall viability (Ͼ90%), as assessed by trypan blue exclusion, using an improved Neubauer hemocytometer. This preparation comprised 25 Ϯ 0 8% (n ϭ 24) couplets which were Ͼ90% viable. One couplet, i.e., 2 cells, is defined as one unit. If either cell of a couplet stained positively with trypan blue, then the whole unit was considered non-viable. Centrifugal elutriation was employed to enrich populations with respect to couplets, as described by Wilton et al. (1991) .
The resulting preparation, containing 62 Ϯ 2% of couplets (n ϭ 24), was plated in L-15 containing 50 U/ml penicillin and 50 g/ml streptomycin, onto plastic culture dishes (35-mm diameter), at a density of 0.5 ϫ 10 5 units/ml (2 ml total) for cVA and LDH assays, or onto 60-mm diameter plastic culture dishes at a density of 1 ϫ 10 5 units/ml (6 ml total) for GSH and ATP assays. All cultures were incubated for 5 h prior to experimentation. This time was described to be appropriate for couplets to reach maximal capability to transport and accumulate CLF into their canalicular vacuoles (Wilton et al.,1993b) . Since this capability then remains almost constant for at least 4 h (Wilton et al., 1993b) , experiments were performed within this time period. In some experiments, separate periportal-and perivenous-enriched couplet populations were obtained, using size-difference by centrifugal elutriation as described by Wilton et al. (1993b) ; the populations obtained by this technique were initially characterized on the basis of size (image analysis), glutamine synthase content, and toxicity of carbon tetrachloride.
Assessment of canalicular vacuolar accumulation (cVA).
To assess canalicular function, the number of couplets performing cVA of CLF on control plates was counted and expressed as a percentage of total number of couplets counted. Treated plates were also counted in this way, and the results were expressed as a proportion of control values. CLF was added to each 2-ml plate to a final concentration of 2 M. After incubation at 37°C for 15 min, cells were washed twice with 2 ml of L-15 medium at 37°C, prior to observation using an Olympus IMT2-RFL inverted fluorescence microscope (Olympus Optical Ltd., London, U.K.), equipped with a 100-W mercury light source and an incubator for maintaining samples at 37°C during observation. Controls were included throughout each experiment in order to account for any variations in canalicular function with time. ANIT was administered, dissolved in dimethyl sulfoxide (DMSO), at a dose volume of 10 l. Control samples were treated with 10 l DMSO alone.
Measurement of lactate dehydrogenase release from couplets. LDH catalyzes the conversion of pyruvate to lactate, with the associated oxidation of NADH. The reaction was thus followed by measuring absorbance due to NADH (340 nm), using a Uvikon 922 spectrophotometer (Kontron, Milan, Italy), and the rate was deduced according to the method of Amador et al. (1963) . Supernatants were assayed for LDH, and controls were included that had been treated with 0.5% Triton X-100 (on ice for 30 min). The rates of NADH oxidation obtained from these samples represented 0% viability.
Measurement of GSH and ATP content in couplets.
GSH content was measured using the fluorimetric method of Hissin and Hilf (1976) . ATP was measured using the substrate-enzyme system, luciferin-luciferase (Lyman and De Vicenzo, 1967) . Fluorescence and bioluminescence were measured using a Perkin-Elmer LS 50B luminescence spectrometer (Perkin-Elmer, Buckinghamshire, U.K.).
Phalloidin-FITC staining. Hepatocyte couplets at a density of 0.5 ϫ 10 5 units/ml in L-15, were plated onto 10-mm glass coverslips in 2-ml plastic culture dishes, and incubated at 37°C for 5 h before being treated with ANIT or DMSO for 2 h. These couplets were then fixed in 3% formalin in PBS and stored at 4°C, until being permeabilized with 0.1% Triton X-100 in PBS. After this, samples were labeled with phalloidin-FITC according to the method of Knutton et al. (1989) . In order to observe stained samples, coverslips were inverted onto Citifluor mounting solution. Digital images were captured under UV illumination ( ϭ 490 nm), using a Hamamatsu CCD C3077 camera on a Zeiss Axiovert 135 TV microscope (Carl Zeiss Ltd., Oberkochen, Germany) and analyzed using Openlab digital image analysis software (Improvision, Coventry, U.K.). For each of 4 experiments, 10 control and 10 ANIT-treated (50 M, 2 h) images were captured, giving a total of 40 images analyzed for each group.
Statistical analysis.
Couplets from 4 -10 animals were used for each point. For experiments involving cVA, approximately 40 couplets were counted to contribute per animal at each point. In the case of F-actin localization, approximately 12 couplets were measured to contribute at each point, per animal. Results are expressed as mean Ϯ SEM. ANOVA was used for statistical analysis of data involving multiple comparisons, and an unpaired Student's t-test also was used, where indicated.
RESULTS
Effect of ANIT on Canalicular Vacuolar Accumulation
Exposure of isolated rat hepatocyte couplets (IRHCs) to ANIT in vitro brought about a concentration-dependent reduc-tion in the cVA of the fluorescent bile salt analogue, cholyllysyl-fluorescein (CLF), as shown in Figure 1 , for a 2-h exposure. The extent of this reduction increased to a maximum with time up to 2 h. The 50% inhibitory concentration (cVA-IC 50 ) for ANIT was estimated as 50 M at 1 h (result not shown) and 22 M at 2 h. The 2-h maximum time point was chosen as the standard exposure for the study of other parameters.
Effect of ANIT upon Separated Populations of Periportaland Perivenous-Enriched Hepatocyte Couplets
Hepatocyte couplet preparations were separated into a number of fractions by centrifugal elutriation, and those enriched with respect to periportal or perivenous cells on the basis of size were exposed in vitro to varying concentrations of ANIT for two h, as above. CVA was reduced in both periportal-and perivenous-enriched material to essentially the same extent (Fig. 2) . In both cases, the pattern of response was similar to that seen in the original, mixed preparation (cf. Fig. 1 ).
Concentration Dependence of Cytotoxic Effects of ANIT
Lactate dehydrogenase (LDH) release is often used as a gross indicator of cytotoxicity (necrosis). Appreciable LDH release was not seen until couplets were exposed to 500 M ANIT and above for 2 h (Fig. 3) . No significant difference was seen between LDH release from controls and cells exposed to 50 M ANIT for 2 h, though even at this concentration of ANIT, cVA in couplets was reduced to less than 20% of control. The hepatobiliary effect thus occurs in the absence of cell death, as measured by LDH release.
During the estimation of cVA, the observed plated cell density did not differ significantly between controls and ANITtreated samples over the range in which cVA was reduced to 0% control (results not shown). This finding was supported by no loss of protein (results also not shown).
Another, often more sensitive indicator of cytotoxicity in cells is reduced cellular ATP content. However, while 50 M ANIT reduces cVA to less than 20% control, ATP content remained unchanged by this concentration of ANIT (Fig. 4) . Higher concentrations of ANIT were associated with a decline in ATP content (e.g., following 2-h exposure to 500 M ANIT, ATP was not detectable using the current assay), suggesting that ATP reduction is not important in ANIT-induced hepatobiliary dysfunction, but may be a con- 
FIG. 3.
Effect of 2-h exposure to ANIT (0 -1000 M) on viability in hepatocyte couplets. Viability was based on lactate dehydrogenase release, and was calculated on the basis of complete cell lysis (0.5% Triton X-100, 30 min on ice) representing 0% viability. Each value is shown as the mean Ϯ SEM (n ϭ 3-5). *Significantly different from control value ( p Ͻ 0.05) at 500 M. **p Ͻ 0.001 at 1000 M (ANOVA).
tributing factor in the cytotoxicity of ANIT at the higher doses used here.
Relationship Between Hepatobiliary Effects of ANIT and Cellular Glutathione Concentrations
Reductions in cellular glutathione content are often an indication of the onset of toxicity and can sometimes provide information concerning the mechanism of a toxic agent. The effect of ANIT on GSH content is shown in Figure 5 . ANIT had little significant effect on GSH content at 10 M, but caused a significant reduction at 2 h of approximately 30% at 50 M. Substantial loss in cVA had occurred at the latter concentration (Fig. 1) . This overlap of hepatobiliary and cytosolic phenomena merited further study. In order to investigate this, the effects of a thioldepleting agent, diethyl maleate (DEM), on cVA (Fig. 6 ) and on GSH (Fig. 7) content were studied in the presence and absence of ANIT, at a concentration of ANIT which had a significant but not maximal effect, in order that any effect of DEM could be observed. DEM alone reduced both cVA (Fig. 6 ) and GSH content (Fig. 7) in a concentration-dependent manner. While the effect of DEM on [GSH] appeared to reach a maximum at 0.25 mM DEM, further effect of DEM pretreatment on cVA was seen above 0.25 mM. The addition of ANIT to DEM-treated cells reduced cVA beyond   FIG. 4 . Effect of 2-h exposure to ANIT on intracellular ATP levels in hepatocyte couplets. All values represent mean Ϯ SEM (n ϭ 4 -9). Control ATP levels were 45.00 Ϯ 5.29 nmol/10 6 units.
FIG. 5.
Effect of 2-h exposure to ANIT on intracellular GSH levels in hepatocyte couplets. All values represent mean Ϯ SEM (n ϭ 4 -8). Control GSH levels were 41.81 Ϯ 2.77 nmol/10 6 units. *Significantly different from control value ( p Ͻ 0.05) (ANOVA). that of DEM alone (Fig. 6 ), but there was no significant difference in glutathione concentrations caused by 10M ANIT in DEM-treated cells (Fig. 7) . The effect of ANIT in cVA determinations upon DEM-treated cells appears to be essentially additive with the effect of DEM and is therefore independent rather than synergistic.
Effect of ANIT on F-Actin Levels and Distribution within IRHCs
When incubated with phalloidin-FITC, the F-actin in control couplets (Fig. 8a ) was seen to be densely located at the canalicular pole, with further staining in the region of the canalicular membrane of the cells. The intensity of staining at the canalicular pole gave an area that superficially resembled a canalicular vacuole filled with fluorescent material. Since the staining was performed on fixed material permeabilized with Triton X-100, the staining could not have been within the vacuole and must represent F-actin at and close to the canalicular membranes of a compact canalicular vacuole, where the membranes were closely apposed and therefore the fluorescence overlapped, giving the filled appearance.
The labeled F-actin in the ANIT-treated (50 M ) couplets (Fig. 8b) was distributed both at the limiting plasma membrane of the cell and close to the canalicular membranes of a large, distended canalicular vacuole; the membranes here were sufficiently separated not to give the appearance of stain within the canalicular vacuole. The numbers of these distended couplets in the ANIT-treated couplet preparations were 57% of the total couplets compared to 17% in the control preparations (n ϭ 78 and 82 couplets counted, respectively; pϽ 0.05).
By image analysis, a representative value for F-actin for the whole image could be obtained by multiplying average image intensity by area. A value for F-actin in the canalicular region was obtained, and this was expressed as a percentage of the F-actin of the whole image. Control couplets showed that 30.12 Ϯ 2.90% (n ϭ 40) of cellular F-actin, as labeled by phalloidin-FITC, was situated in the canalicular region. This figure was 39.14 Ϯ 4.22% (n ϭ 40) for ANIT-treated samples (50 M; 2 h). There is thus no marked difference in localization of F-actin, since these values differ only to the extent of 0.05 Ͻ p Ͻ 0.1 according to the Student's t-test.
DISCUSSION
The developmental pattern of intrahepatic cholestasis resulting from ANIT administration in vivo and in the isolated, perfused liver is complex. Connolly et al. (1988) showed that morphological changes in bile duct lining cells preceded morphological changes in hepatocytes, in rats treated with high doses of ANIT (300 mg/kg body weight, po). Conversely, Kossor et al. (1993) demonstrated that the initial onset of ANIT-induced intrahepatic cholestasis appeared to occur solely as a result of hepatocanalicular dysfunction along with increased permeability of tight junctions (150 mg/kg body weight, po), consistent with previous studies (Krell et al., 1982; Lock et al., 1981) . The precise contribution of each cell type remains to be defined.
We have used isolated rat hepatocyte couplets (IRHCs) to investigate the direct, early effects of ANIT on hepatobiliary function in hepatocytes. ANIT-induced disruption of canalicular function in IRHCs was seen within 2 h and at concentrations that exhibited no significant cytotoxicity, as demonstrated by lack of LDH release and maintenance of ATP content. Cytotoxicity of ANIT was, however only evident at concentrations Ն500 M, in agreement with Carpenter-Deyo et al. (1991) . ATP reduction though mitochondrial changes (produced by ANIT, in vivo) (Redegeld et al., 1992) , therefore does not appear to influence ANIT-induced hepatocanalicular dysfunction as measured by cVA. Periportal-and perivenousenriched hepatocytes were of similar susceptibility to inhibition of cVA, suggesting that the initial effect of ANIT in vitro did not depend upon factors in which the two cellular domains differed; longer term effects of ANIT in vivo demonstrate a preponderence of periportal effects, suggesting either that the perivenous effects may be reversed, or that additional, longerterm effects may be involved in enhancing the periportal dysfunction. measured the concentration of ANIT in plasma and bile resulting from ANIT administration in vivo (100 mg/kg body weight, po). The maximum concentration seen in plasma was approximately 5 M, 12 h postadministraton. This is similar to the minimum concentration found to give significant inhibition of cVA in our study. In the experiments of , maximum biliary concentrations of ANIT were seen immediately postadministraton, and, after 1 h, ANIT concentration had reached 40 M in bile compared to only around 3 M in plasma; this demonstrated that ANIT is rapidly concentrated in bile.
Previous work presents a strong case for the involvement of GSH in ANIT-induced intrahepatic cholestasis, both in vivo   FIG. 8 . F-actin component of cytoskeleton in rat hepatocyte couplets labelled with phalloidin FITC, seen under UV illumination. The compact canaliculus often seen in control couplets is illustrated in (A), while an example of the distended canaliculus often seen after 2-h treatment with 50 M ANIT, is given in (B). Jean et al., 1991 and in vitro using rat hepatocyte singlets (CarpenterDeyo et al., 1991 . In accord with a proposed role of a reactive biliary metabolite (Lock et al., 1974) , suggested the reversible formation of an unstable GSH-ANIT conjugate within hepatocytes that was later identified by Carpenter-Deyo et al. (1991) as a thiocarbamoyl conjugate, GS-ANIT. (These findings do not, however, negate a possible contribution to toxicity by reactive sulfur and the products 1-naphthylisocyanate and 1-naphthylamine, which are also found in bile [Li et al., 1995] ). and have proposed that the GS-ANIT conjugate partially dissociates once secreted across the canalicular membrane in vivo, yielding GSH and ANIT in bile. It is thus possible that GSH serves to concentrate ANIT in bile, resulting in the exposure of bile duct lining cells further down the biliary tree to relatively high concentrations of ANIT and consequent damage at this site. GS-ANIT has a molecular weight of 492 (CarpenterDeyo et al., 1991) , and, as an organic anion, is a likely candidate for ATP-dependent transport across the canalicular membrane (Ballatori and Truong, 1995) , possibly mediated by the canalicular multispecific organic anion transporter, cMOAT (Bü chler et al., 1996; Keppler and Kartenbeck, 1996; Oude-Elferink et al., 1995) Carpenter- saw a drop in GSH content appreciably greater than that seen in the present study, using identical concentrations (50 M; 2 h). However, once formed inside the cells comprising the IRHC, active secretion of GS-ANIT takes place across the canalicular membrane into the intercellular canalicular vacuole, as has been demonstrated for various other GS-conjugates (Ballatori and Truong, 1995; Redegeld et al., 1992,) , where it may then dissociate into GSH and ANIT (see above). In the comparable in vivo situation, GSH would be released into the bile canaliculus and rapidly hydrolysed into its constituent amino acids (Hanigan and Frierson, 1996) , which may then be reabsorbed by hepatocytes or biliary epithelial cells.
Irrespective of this potential reabsorption, GSH release into the canalicular vacuole would not be detected as GSH depletion in IRHCs, compared to release into the medium from hepatocyte singlets, as used in the study by CarpenterDeyo et al. (1991) . This may explain the lack of a statistically significant depletion of GSH at 10 M ANIT, despite the reduction of cVA. Conversely, compensatory mechanisms within IRHCs may cope with the burden placed on intracellular GSH stores by incubation with 10 M ANIT. saw no reduction in hepatic GSH levels in rats, from 1 to 24 h after ANIT treatment (100 mg/kg body weight, po), and suggested that the liver's high capacity to synthesize GSH may keep pace with any loss accompanying GS-ANIT secretion. Using 50 M ANIT, we found that GSH depletion was, however, significantly increased in IRHCs; conjugation of GSH to ANIT is the likely explanation for this depletion.
A reduction in cVA was seen in DEM-treated cells. Addition of ANIT to GSH-depleted cells reduced cVA further, but this further reduction was no greater than that caused by ANIT alone, indicating that glutathione depletion does not enhance the effect of ANIT. In those cells showing depression of cVA, the pathway from bile salt uptake to secretion and retention within the canalicular vacuole has been disrupted at one or more points, i.e., interference with uptake, transcellular transport across it, secretion across the canalicular membrane, or retention in the canalicular space. Since the couplets exposed to the levels of ANIT-reducing cVA did not appear to have enhanced intracellular fluorescence (with CLF) more than controls, it is unlikely that the depression of cVA is due to reduction of secretion across the canalicular membrane. Kan and Coleman (1986) have suggested ANIT-induced intrahepatic cholestasis may involve disruption of the zonula occludens (tight junctions) component of the junctional complex in the isolated, perfused rat liver, and both Connolly et al. (1988) and Kossor et al. (1993) recorded increased hepatocyte tight junctional permeability in response to ANIT administration, in vivo. Concentration of ANIT within the canalicular vacuole of the IRHC may be a basis for damage to the tight junctions, being the most apical component of the junctional complex, and thus most exposed to material within the canalicular vacuole. A future study of tight junction integrity would be feasible using IRHCs, due to their intact junctional complexes, whereas it is not possible in singlets. In preliminary studies using Western blotting, we have shown, however, that the level of the tight junction-associated protein, occludin, in IRHCs was not affected by exposure to ANIT for 2 h (results not shown).
In a study by Thibault et al. (1992) , it was observed that exposure of IRHCs (plated at 0.3 ϫ 10 5 units/ml) to ANIT (2 h; 25 M) caused no repartition of F-actin to the pericanalicular area, as viewed after staining with phalloidin-FITC. The group suggested that the in vivo, cholestatic mechanism of ANIT may, therefore, depend more upon injury to biliary epithelial cells than to a direct effect on hepatocytes. The concentration of ANIT used in our study (2 h, 50 M) was twice that used by Thibault et al. (1992) . Apparent accumulation of F-actin was seen in the pericanalicular region; however, this effect was small and not significant at the 95% level (0.05 Ͻ p Ͻ 0.1). Irregular, distended canalicular vacuoles were seen frequently in ANIT-treated couplets. This may be due to the osmotic potential, which could be generated by GS-ANIT accumulation within the canalicular vacuole. While this study does not contradict the findings of Thibault et al., it does suggest that, at higher concentrations, an alteration may occur in the relationships of F-actin with other molecules in the region of the canaliculus.
In conclusion, our study demonstrates a direct, early, ANITinduced disruption of canalicular function in isolated rat hepatocyte couplets, at concentrations that are not energy-depleting or cytotoxic. Depletion of GSH provided some protection against this effect. Exposure to relatively high concentrations of ANIT also caused marginal differences in amounts of Factin in the pericanalicular region between controls and ANITtreated cells, even at 50 M, but more importantly, caused disruption in the symmetry of appearance of F-actin in the canalicular region that may contribute to disruption of canalicular activity.
These early and low concentration effects of ANIT on hepatocytes in vitro may indicate their contribution into the overall cholestasis and toxicity of ANIT, which is seen after a longer time period (10 -15 h) in vivo, but the manner of this contribution remains to be elucidated. However, these later effects of ANIT seem also to involve contributions from other cell types, e.g., bile duct epithelial cells (Connolly et al., 1988) and neutrophils (Dahm et al., 1990) .
